Abstract-An opportunistic relay selection scheme improving cooperative diversity is devised using the concept of a virtual SIMO-MISO antenna array. By incorporating multiple users as a virtual distributed antenna, not only helps combat fading but also provides significant advantage in terms of energy consumption. 
I. I NTRODUCTION
R ELIABLE low-cost wireless communication is indispens able to sustainable economic development. The increasing demand for wireless data services is quickly saturating existing wireless channel capacity. Diversity offered by multi-input single-output (MISO) is one of the promising techniques to deal with channel fading and requires more than one transmitting antenna, however, implementation of MISO using multiple transmitting antennas on small handheld devices in some wireless networks may not always be practical due to the size of the user terminals. The aim of this research is to realize cooperative networking in wireless access networks by means of an efficient relay selection strategy using the basis of transmit diversity [1] . Primarily, focusing on the distributed MISO based cooperative scheme, which has been verified theoretically, being capable of combating wireless fading and improving wireless channel capacity [2] - [4] . Considering the distributed MISO based cooperative scheme, the selected relay nodes can be used to form a distributed virtual antenna array to serve the users cooperatively.
Cooperative relay networks are emanating as a paramount technique to combat multipath fading and increase energy efficiency in wireless access networks. Diversity analysis of single and multiple relay selection schemes was carried out to generalize the idea of relay selection by allowing more than one relay to cooperate [5] . Simulations results showed that the performance of multiple relay selection methods was much better than the corresponding single relay selection methods. More recently [6] , performance analysis of single and multiple relay selection indicated marginal gain by selecting more then three relays for the cooperative communication model. A decentralized relay selection algorithm [7] was evaluated for performance, wherein each relay node decides to relay or keep silent according to its own instantaneous channel gain and a predefined threshold to affirm that the proposed scheme has almost the same performance as that of the opportunistic relay selection method [8] . The effects of network geometry by forming cooperating groups of terminals as a result of relay selection can also lead to substantial performance improve ment [9] . Multi-antenna terminals based cooperative scheme was considered [10] , where the source decides to cooperate only when it needs help based on a predefined threshold. The source picks only one relay which has the maximum instantaneous value of the relay's metric. Optimal diversity multiplexing tradeoff (DMT) was achieved [11] as proven by outage analysis, where multiple Amplify-and-Forward (AF) relays share a single channel orthogonal to the source. Space time coded (STC) cooperative diversity offers larger diversity order than repetition-based algorithms and can be effectively utilized for higher spectral efficiency than repetition-based schemes [9] . To the authors knowledge, simultaneous multiple relay selection (two in our proposed scheme) followed by distributed space-time coded (DSTC) transmission to exploit the diversity potential, has not been reported to date.
With the global increase in the number of mobile users it is quite contingent to have more than a single relay available during the communication process and often it is not practical to have multiple antennas on mobile devices. Considering this idea and using the concept of cooperative diversity, significant outcomes can be achieved by exploiting the performance of virtual transmit and receive antenna array model through optimal multiple relay selection in a time varying environ ment. The proposed relay selection scheme not only provides diversity gain but also improves on the BER performance.
The rest of this paper is organized as follows. Section II, highlights the rationale behind the cooperative strategy and the system model used for the proposed relay selection algorithm. Outage, DMT and BER analysis is carried out in Section III. Finally, in Section IV, we conclude with a brief summary of our work.
II. SYSTEM MODEL
The multiple relay selection scheme proposed in this section is opportunistic and adaptive as it depends on the destination node to seek assistance or choose otherwise. If the destination is experiencing a harsh wireless environment then it goes through the relay selection process. In this way, not only robustness in terms of mobility is guaranteed but signifi cant improvements in end-to-end performance in terms of throughput can be achieved. Opportunistic relay selection can guarantee diversity gain by substituting available relays as virtual antenna terminals. The criteria to determine that a particular relay is appropriate for cooperation is considered in our proposed scheme to solve the hidden relay problem [12] . This section highlights the system model considered to develop the proposed relay selection scheme. We consider a source s, a destination d, and M relays (indexed at m = I, ... , M acting as a virtual transmit antenna system), all of them having single-antenna and half-duplex capability in a fading wireless environment as shown in Figure 1 . We assume that either the source-destination link is good enough for the communication process (i.e. the destination decodes the signal from source) or the destination seeks assistance from cooperating relay nodes (i.e. the destination finds it difficult to decode the signal). In the former case, the source and the cooperating relays will not receive any control based packets from the destination. Whereas for the latter case, the destination select relays based on the number of transmitted symbols (which in our case is two) to cooperate instead of just selecting a single relay [13] . Selecting two relays has multiple benefits, it not only increases the diversity gain but it can be robust for a time varying environment. We perform an outage and DMT analysis of the proposed relay selection scheme which is equivalent to the multiple-input-single-output (MISO) DMT bound, and provides a distinct improvement compared to existing literature [9] , [12]- [16] . The selected pair of relays are defined as the ones having the highest receive SNR both to the source and the destination. When the destination is unable to decode the information, it selects two relays and receive information during the next two time slots using a transmit diversity approach [1] , which is highlighted in Table I . As the relay selection process involves minimal feedback, we are ignoring the time required for relay selection to avoid complexity by only considering transmission time. So, if the receiver selects r a, r b as the best relays, then the received signal at the destination using distributed alamouti STC would be,
where nmd rv N ( O, CJ 2 ) is normally distributed additive white Gaussian noise with zero mean and variance CJ 2 , from the selected relays to destination. Finally, the receiver decodes the information bearing symbols as, 
The relay selection process is based on a minimal feed back handshake between the relays and the destination. This handshake not only helps improving diversity but also helps in terms of energy conservation for participating yet not selected relays. The feedback exchange involves the control channel at the medium access layer, when the relays receive a Negative Acknowledgment (NACK) from the destination, they send a request to send (RTS) along with relay ID and the received SNR from the source. RTS here means that out of M relays, the mth relay have decoded the message from the source and is willing to cooperate. The destination selects and broadcast the indices of the selected relays from the information received (and also accounting for the received SNR at the destination itself). Relays are selected based on the SNR gains at the relays (source-relay link) and the destination (relay-destination links). The selected relays that transmit the message are the ones with the maximum SNR. The proposed relay selection scheme is described in Algorithm 1. 
A. Outage Probability Conditioned on Decode Set
The information exchange between a source-destination direct channel for i.i.d. complex guaussian code books [9] can be given as, (6) After the destination is unable to decode the initial message sent from the source, it goes through the relay selection process which in turn depends upon the number of relays that have decoded the message properly. Amongst, M available relays, consider V(K) as the set of relays being able to successfully decode the message. The destination ranks the decode set accordingly and selects k relays from this decode set, where k is based on the number of the symbols transmitted initially from the source. The mutual information exchange between the selected relays k and the destination can be given as, (7) The system can be in outage for the following conditions,
• if neither the destination nor the relays decode the mes sage from the source,
• if the destination is unable to decode and the relays are unable to transmit the decoded message based on these conditions, the overall outage of the system in terms of data rate can be generalized as,
Considering the case when the destination cannot decode the message from the source and opts for relay selection, outage is observed if the selected relays k decode the message for a target data rate � ( p) < r log p, and hence, we can say that the outage probability conditioned on the selected k relays from the decode set is given as,
Since, the destination selects relays independently based on independent fading coefficients. The probability that exactly k relays decoded the message properly is given by,
2R
where the channel power variable 1 =
2;
1, depends on the SNR value at a particular node. As the relays are selected from a pool of relays that have decoded the message from the source successfully, it is quite obvious that the probability of destination going into outage is very low (almost negligible) even if it cannot decode the initial message from the source. 
B. Effective Rate
The instantaneous transmission rate C of the system based on the mutual information exchange from (6) and (7) can be given as,
which can lead to calculate the throughput at the destination when the source-destination direct link fails and is given as, (12) when R is the rate reduced to half as four time slots are required to receive two Xt symbols with a probability,
that the response of the destination is a NACK after receiving the message from the relays. Given, the relays are selected from D(K), the probability of having a NACK is much lower because the relays enjoy better channel conditions as compared to the source and hence, the proposed scheme provides a throughput gain as compared to a direct non-cooperative transmission.
C. Diversity-Multiplexing Tradeoff (DMT)
The diversity gain achieved by the proposed relay selection scheme by selecting k relays out of available M relays is as follows, where, (.) + = max {., O} Theorem: 1. The proposed relay selection scheme achieves the fo llowing diversity-multiplexing gain,
Proof The effective rate of the proposed relay selection scheme when the source-destination direct link fails is 'T} as defined in (12). However, for larger values of p, this rate is asymptotically equivalent to per-packet transmission rate R. We can calculate the multiplexing gain based on R as given in (5) . If the relays are operating at high SNR, then for the selected relays (10) takes the form,
considering similar values of SNR, the probability that the selected relays decoded the message from (7) can be given as,
Now, combining (15) and (16), we can conclude that the diversity order of the proposed relay selection scheme is given 
The DMT of the proposed scheme with only a possibility to select two relays is compared in Figure 2 with DSTC [9] , [12] , the benchmark of transmit diversity (i.e. Alamouti scheme) [1] , the optimal tradeoff curve [16] and a slight modification to the ITRS scheme [13] . ITRS is modified to consider the initial transmission (where the source transmits and the destination receives the message via the relay) with the source not being able to transmit during successive transmission slots. The proposed scheme is capable of achieving the promised diversity gain offered by DSTC, Alamouti and ITRS schemes and the multiplexing gain of the DSTC and ITRS as the data rate is compromised which is a fair enough tradeoff, considering the direct source-destination is not possible, the source is not transmitting in successive time slots due to the time variant nature of the underlined system model. It is also well established that MISO bounded systems cannot operate at full rate [17] , [18] . Adopting this scheme will help the non participating relays (i.e. the relay nodes that are cooperating but are not selected by the destination) to conserve their energy which might be considered as an incentive despite of their will ingness to cooperate and are utilized later or subsequently by another receiver seeking assistance. The achieved multiplexing gain is also the lower bound of DSTC [9] . The upper bound can be realized by looking at the system model as a virtual transmit and receive antenna array. Proof Firstly, the source transmitting the information to the relays in a SIMO fashion for which the well-known source relay DMT bound is given as, (19) and the relay-destination MISO bound DMT as suggested in [12] , can be given as,
So, we can define the upper bound or the optimal DMT by taking the minimum of (19),(20) and considering rate loss ( k t 2 ) r induced by the cooperative nature of the system [13].
The optimal DMT is,
Performance Improvement in our Proposed Scheme
We now perform Monte-Carlo simulations on an asym metric relay network, to validate the analytical model. BER analysis of the proposed scheme is illustrated in Figure 3 . It is compared to a non-cooperative direct source destination communication, theoretical single relay communication [14] and two relays with maximal-ratio combining (MRC) [15] . The BER performance of a non-cooperative suffers as it lacks the added advantage of receiving the same information from relays (having higher SNR levels) that are available for the co operative cOlmnunication model. The proposed scheme enjoys better performance than all the schemes under consideration by a minimum of approximately 4dB, which indicates its robustness to harsh wireless environments. To achieve a BER of 10-2 the proposed scheme uses an SNR of 12dB as compared to the SNR (2 16dB) required by other schemes.
The proposed relay selection scheme, not only benefits the participating yet not selected relays but can also help the selected relays to conserve energy depending on the type of service required.
IV. CONCLUSION
With the global increase in the number of mobile users it is quite contingent to have more than a single relay available during the communication process. Putting this self evident truth to practice, we have developed a relay selection scheme which enjoys better performance as corroborated by the outage analytical model, DMT and the BER Analysis, achieving the promising diversity gain like Alamouti, DSTC, ITRS (modified) with minimal complexity. The proposed relay selection scheme takes advantage of a virtual SIMO-MISO system model and can transmit at a lower SNR to receive the same signal which is reflected in BER analysis. It also has an added advantage to conserve energy for the relays that are not selected (to form the virtual antenna array) for future transmissions. The proposed scheme offers 4dB advantage over other schemes which can be utilized either to improve the quality of the service or to conserve energy for the selected relays depending upon the type of service. As a future consideration, the proposed scheme can be extended and analyzed for performance gains by allowing the source to successively transmit.
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